The novel structure of neoalangiside, a new tetrahydroisoquinoline-monoterpene glucoside carrying oxygen functions at the unusual C1 and C2 positions, was confirmed by chemical synthesis starting from isovanillin and secologanin.
Recently, Tanahashi and his co-workers reported the discovery of new types of tetrahydroisoquinoline-monoterpene glucoside, neoalangiside (1) and demethylneoalangiside (2), from Alangium lamarckii (Alangiaceae), 1) which has been used as a medicinal plant in Asian countries. A structural feature of these alkaloids is an unusually substituted pattern on the benzene ring of the isoquinoline moiety.
2) The usual monoterpenoid isoquinoline alkaloids, 3) represented by alangiside (3), 4) have a 2,3-dioxygenated isoquinoline nucleus, while 1 and 2 have oxygen functions at the unusual C1 and C2 positions. Taking the biosynthetic and chemical reaction course into account, production of both the 2,3-and 1,2-dioxygenated tetrahydroisoquinoline alkaloids by the PictetSpengler cyclization of dopamine and secologanin (13) seems to be reasonable. However, the unambiguous structure of this new type of alkaloids has not yet been determined by chemical synthesis. In this communication, we describe the first synthesis of 1 starting from isovanillin (6) and 13.
We initially prepared the phenethylamine derivative (12) from 6 as follows. It is known that the Pictet-Spengler reaction of dopamine-type phenethylamine gives the 2,3-disubstituted tetrahydroisoquinoline derivative. 5) To prevent this reaction course, the C6 position in the dopamine derivative was masked by an appropriate substituent such as bromide. This strategy 6) has been adopted in the synthesis of the benzylisoquinoline alkaloid petaline. 7) First, direct bromination of 6 was attempted, but the undesired 2-bromoisovanillin was produced as the main product. Then, O-benzylisovanillin (7) 8) was halogenated with bromine in DMF to yield the 6-bromo derivative (8) 9) in 79% yield. The substituted position was confirmed by the 1 H-NMR spectrum (d 7.48 and 7.06, each 1H, singlet). Debenzylation of 8 with trimethylsilyl chloride and NaI in CH 2 Cl 2 gave the corresponding phenol (9) in 85% yield, which was then subjected to nitroaldol condensation 10) to afford the trans-nitrostylene derivative (10) (d 8.09 and 6.73, each 1H, d, Jϭ13.5 Hz) in 79% yield. Next, we protected the phenolic function in 10 with a trityl ether, because direct LiAlH 4 reduction of 10 gave the amphoteric primary amine derivative. The masked phenol derivative (11) was reduced with LiAlH 4 in THF/Et 2 O to give the phenethylamine derivative (12) .
The amine thus obtained (12) was treated with secologanin acetate (14) , which was prepared by acetylation of secologanin (13) isolated from Lonicera morrowii 11) in the presence of acetic acid in refluxing methanol. From the reaction mixture, the desired tetracyclic compound (15) 12) was isolated in 31% yield by column chromatography. The formation of 15 could be explained by Pictet-Spengler cyclization and subsequent lactam (C-ring) formation. The trityl group on the phenol in 12 was simultaneously removed during the Pictet-Spengler reaction under acidic conditions. The stereochemistry at C13a was deduced from the following spectroscopic evidence. We have reported that acetylated compounds such as methylisoalangiside tetraacetate (5), which has the H13a-a (C13a S) configuration in this class of alkaloids, showed one abnormally highly shifted acetyl signal in the 1 H-NMR spectrum due to the anisotropic effect of the aromatic ring. 13, 5) However, compound 15 did not exhibit such an acetyl signal, indicating that the configuration at C13a should be of the R (H13a-b) form. Furthermore, comparison of the 13 C-NMR data supported the above conclusion. Thus the chemical shift at C6 and C12a in methylalangiside tetraacetate (4), 14) which has the H13a-b configu-ration, was observed at d 39.1 and 27.1, respectively, while in methylisoalangiside tetraacetate (5), 14) which has the H13a-a configuration, they resonated at d 42.3 and 23.4, respectively. In the case of compound 15, these signals were observed at d 38.4 and 27.3.
Reductive debromination of 15 was achieved in 54% yield using the procedure of Cacchi (a catalytic amount of palladium acetate, formic acid, triethylamine, and DPPF [1,1-bisdiphenylphosphino-ferrocene], DMF, 50°C).
15) The aromatic protons in 16 were observed at d 6.73 and 6.62 (each 1H, d, Jϭ8.3 Hz). Finally, hydrolysis of 16 with potassium carbonate in MeOH produced the deacetylated compound, which was completely identical to the natural neoalangiside (1) in their FAB-Mass and 1 H-and 13 C-NMR, and CD spectra. Now the complete structure of 1, including the absolute configuration, has been established.
